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YAK 579.842.23-022.39(571.52) 

HEKOTOPBIE OCOEEHHOCTH B3AHMOOTHOUIEHHH EJIOXH 
CITELLOPHILUS TESQUORUM ALTAICUS (SIPHONAPTERA: 
CERATOPHYLLIDAE) C B03Ey#HTEJIEM HYMEI 

© JI. II. Ea3aHoea, T. A. BopoHoea, E. T. ToKMaKoea, B. B. Chhi>kob 

H3yMeHbi HeKOTopbie acneKTbi B3aMMOOTHomeHMM 6jioxm Citellophilus tesquorum altaicus 
m 2 ixiTaMMOB Yersinia pestis , M30JiMpoBaHHbix Ha pa3Hbix ynacTKax onaroBocTM TyBMHCKoro 
npnpoaHoro onara ayMbi. He OTMeneHo pa3JiHHMH b aKTHBHOCTH KpoBococaHna m CMepT- 
HOCTM 6JIOX npM 3apa>KeHMM MX 3THMM IMTaMMaMM HyMHOrO MMKpo6a, O^HaKO yCTaHOBJieHa 
HepaBH03HaMH0CTb no cnoco6HocTM (J)opMMpoBaTb 6jiok npea^ejiyaxa y 6jiox. 06pa30- 
BaHne 6jioKa npezoKejiyzjKa nponcxoAMT y caMOK m caMUOB 6jiox c HeoanHaKOBOH nacTo- 
tom. Y HaceKOMbix o6oero nojia HaOjnoaajiocb noBbimeHMe aojim 6jioKnpoBaHHbix oco6en 
ot BecHbi k jieiy. B 3tot nepnoa 3(}3(J)eKTMBHOCTb nepeaaHM B036yaMTejifl nyMbi caMijaMM 
B03pacTajia, a y caMOK cnoco6HOCTb MHOKyjinpoBaTb nyMHOH mmkpo6 coxpaHHJiacb Ha ojx - 
HOM ypOBHe. 


Flpo 6 jieMa B3aHMOOTHomeHHH 6jiox h nyMHoro MHKpo 6 a 6 biJia h ocTaeTca 
o/xhoh H3 ueHTpajibHbix b 3nH300TOJiorMH nyMbi. TeM He MeHee pm BonpocoB, 
KacatoiUHXCM nonyjmuHOHHoro ypoBHM hx B3aHMOOTHomeHHH, ix o chx nop He 
H3yneH. K HacTOMmeMy BpeMeHH HaKonjieHbi £aHHbie 06 oco 6 eHHOCTHX nonyjin- 
UHH B036y,IlHTeJieH H nepeHOCHHKOB. H3BeCTHO, HTO LUTaMMbI HyMHOrO MHKpo6a 
M3 pa3Hbix onaroB He o^HHaKOBbi no cbohm nniaTejibHbiM noipe6HOCTMM, (J)ep- 
MeHTaTMBHon aKTHBHOCTH, naToreHHOCTH jxm Jia6opaTopHbix >KHBOTHbix (Ana- 
pHH, rojiy6HHCKHH, 1989). y nepeHOCHHKOB OTMeneHa HepaBH03HanH0CTb no 
BOcnpHHMHHBOCTH k B036y^HTejno nyMbi. B TIpHKacnHHCKOM CTenHOM onare 
y 2 bh£ob 6jiox C. tesquorum h Neopsylla setosa H3 pa3Hbix JiaH^mac^THO-SKOJio- 
rnnecKHx panoHOB BbiMBJieHa HeoanHaKOBan nacTOTa 6jiOKoo6pa30BaHHM (Khm- 
3eBa h jxp., 1989). HHceKTapHbie KyjibTypbi 6jiox Xenopsylla gerbilli caspica , npo- 
HCxo^Mmne ot HaceKOMbix c 3 ynacTKOB Cpe#Hea3HaTCKoro paBHHHHoro onara, 
CBoeo6pa3Hbix no cbohm jiaHamac})THO-3KOjiorHHecKHM h 3nH300TOJiorHnecKHM 
xapaKTepncTHKaM, pa3JiHnajiHCb no hhtchchbhocth bo3hhkhobchhm 6jiOKa npe,a- 
xejiyziKa h cnoco6HOCTH k coxpaHeHHio B036y^HTejin (CepxaHOB h jxp., 1979). 

TyBHHCKHH npnpo^HbiH onar nyMbi Han6ojiee H3yneH b njiaHe npocTpaHCT- 
BeHHOH CTpyKTypbi. B npe,aejiax onara BbmejieHO 6 aBTOHOMHbix ynacTKOB onaro- 
bocth: Kapa-Bejib^bipcKHH, KaprHHCKHH, TojianjibircKHH, BapjibiKCKHH, Car- 
J1HHCKHH H BopO-LIIaHCKHH, Ka^blH H3 KOTOpbIX (J}yHKU,HOHaJlbHO CBM3aH C 
caMOCTOMTejibHbiMH nonyjiMUHMMH HOCHTejin (TIonoB, 1990) h nepeHOCHHKa 
(BepxyuKHH, 1990). ycTaHOBJieHbi MOKnonyjinnHOHHbie pa3jiHHHM no nacTOTe 
6jl0K006pa30BaHHH H HHTeHCHBHOCTH pa3MHO>KeHHM HyMHOTO MHKpo6a (UJTaMM 
H-3226, H30JiHpoBaH Ha Bopo-LUancKOM ynacTKe onaroBOCTH) b opraHH3Me 
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6jiox C. tesquorum altaicus h Rhadinopsylla li transbaikalica H3 2 npnpo^Hbix 
nonyjiHUMM — KaprwHCKOM h EapjibiKCKon (Ea3aHOBa h jxp., 2000a). B npo- 
Be^eHHOM MCCJie^OBaHMM wcno^b30BaHbi nepeHocHHKH m B036y^MTejib c pa3- 
Hbix ynacTKOB onaroBOCTH. B otoh cbh3h 3HaHHTejibHbin MHTepec npeacraBjifleT 
M3yMeHwe B3aHMooTHomeHHH coMjieHOB ojxhoto napa3HT0ueH03a, a hmchho o6t>- 
e^MHeHHbix b npe^ejiax o^Horo ynacTKa onaroBOCTH nonyjiflUHH B036y£HTeji5i, 
HocwTejifl m nepeHOCMMKa. 

Uejib HacTOHmen paOoTbi — H3y4eHne ajiHMeHTapHon aKTMBHOCTM, CMepT- 
hoctm, nacTOTbi 6jiOKOo6pa30BaHHH y C. tesquorum altaicus h cnocoOHOCTM hx 
k nepe^ane B036yaHTejin npn 3apaxceHHH 2 ujTaMMaMM nyMHoro MMKpoOa, H30- 
jiMpoBaHHbiMM Ha pa3JiHMHbix ynacTicax onaroBocTH. 


MATEPMAJI M METO^MKA 

SKcnepHMeHTbi npoBO^Hjiw Ha 6a3e jiaSopaTopnn HpKyrcKoro npoTHBonyM- 
Horo HHCTHTyTa. B pa6oTe Hcnojib30BajiH HHceicrapHyio KyjibTypy 6jiox C. tes¬ 
quorum altaicus , Hanajio kotopoh nojioxcnjiH HaceKOMbie H3 KaprnHCKon nony- 
jihuhh TyBHHCKoro onara nyMbi. 3KTonapa3HTOB HH^nunpoBajiH ujTaMMaMH Yer¬ 
sinia pestis H-3327 w H-3428, H30jiHpoBaHHbix ot jxj iHHHoxBOCToro cycjiHKa b 
CarjiHHCKOM h KaprnHCKOM ynacncax onaroBoc™ cootbctctbchho. 06a LUTaMMa 
6bIJIH THnHHHbIMH JU Ifl OHara, HO OTJIHHajIHCb no nHTaTejlbHblM nOTpe6HOCTHM 
b aMHHOKHCJioTax. Ha CarjiHHCKOM ynacTKe onaroBocTH UHpKyjinpyeT B036y^H- 
Tejib, HyxcziaiomHHCH b MeTHOHHHe, a Ha KaprHHCKOM — 3aBHcnmHH ot mctho- 
HHHa h UHCTeHHa (JIoraneB, 1999). Ejiox 3apaxcajiH HCKyccTBeHHO Ha 6homcm6- 
paHe. 3apaxcaiomyK) CMecb totobhjih H3 paBHbix nacTen 2 Mnpjx cycneH3HH jx Byx- 
cyTOHHOH arapoBon KyjibTypbi, BbipameHHOH npn 28 °C, m #e(})H6pHHHpoBaHHOH 
KpoBM MopcKOH cbhhkh. B KanecTBe npoKopMHTejni Hcnojib30BajiH 6ecnopo JX- 
Hbix 6ejibix MbimeH. 

npoBezieHbi 2 cepHH onbiTOB: 1-h — b bccchhhh nepnoA (c cepe^HHbi MapTa 
jx o hiohh) h 2-h — b jieTHMH (c cepe^HHbi Man jx o cepe^HHbi aBrycTa). B Kaxc^OM 
onbiTe caMuoB h caMOK 6jiox 3apaxcajiH oraejibHO. Hcxo^Han 3apaxceHHOCTb bo 
Bcex rpynnax HaceKOMbix cocTaBHjia 90—100 %. HH(J)HunpoBaHHbix HaceKOMbix 
no^KapMjiHBajiw nepe3 2 cyT. Mex^y no^KopMKaMH hx coziepxcajiH npH TeMne- 
paType 18—20 °C h othochtcjibhoh BJiaxtHocTH B03^yxa 80—90 %. B 1-h cepnn 
onbiTOB npoBe,aeHo 15 h 16 no^KopMOK caMOK, 3apaxceHHbix Y pestis H-3327 
h H-3428 cootbctctbchho, h 3 onbiTa c caMuaMH 6jiox. 1-h onbiT BKjnoHaji 
11 no^KopMOK caMuoB, HHc})HUHpoBaHHbix iHTaMMOM H-3327. 2 rpynnbi caM- 
UOB, HH(J)HUHpOBaHHbIX IHTaMMOM H-3428, nO^KapMJIHBajIHCb 11 H 6 pa3. 
Bo 2-H CepHH onbiTOB KaK CaMKH, TaK H CaMUbI, HHCj)HUHpOBaHHbie IHTaMMOM 

H-3327, nojiyHHjiH no 19, a IHTaMMOM H-3428 — no 18 no^KopMOK. Ejiokhpo- 
BaHHbix 6jiox H30^npoBa^H ot o6men rpynnbi h kopmhjih Kaxc^yio Ha OT^ejib- 
hom 3BepbKe. ,II,jih onpe^ejieHHH 3c{)c{)eKTHBHOCTH nepe^ann B036y^HTeji5i nepe3 
yKycbi 6jiox opraHbi naBiunx h yOnTbix xjiopoc})opMOM 6ejibix Mbimen nccjie^OBa- 
jih 6aKTepnojiorHHecKHM, cepojiornHecKHMH (peaKUHH naccnBHon reMamno- 
THHaunn — PnrA, peaKUHH HenTpajiH3auHH aHTHTeji — PHAt) h MOJieKy- 
jiHpHO-reHeTHHecKHMH MeTO^aMH (nojiHMepa3Han uenHan peaKUHH — nU,P 
Ha BbiHBjieHne cJ)paKUHH 1, njia3MOKoaryjia3bi). Bcero b onbiTax ncnojib30BaHO 
1700 6jiox h 175 6ejibix Mbiinen. 

CTaTHCTHnecKyio o6pa6oTKy npoBo^HJin oGmenpHHHTbiMH MeTO,aaMH (Po- 
khukhh, 1967) c npHMeHeHneM nporpaMMbi «Excel» (J)npMbi Microsoft. Bjihh- 
Hne pa3JiH4Hbix cJ)aKTopoB (ruTaMM Y. pestis , noji 6jiox, BpeMfl npoBe^eHHH onbi- 
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tob) Ha rnyuaeMbie noKa3aiejiH oueHeHbi c noMombio ojxho- h £Byxcf)aKTopHoro 
ancnepcHOHHbix aHajiH30B. Flpn o6pa6oTKe £Byxcj)aKTopHbiM ^HcnepcHOHHbiM 
aHaJIH30M yHTeHbl AaHHbie TOJIbKO Tex nO^KOpMOK, KOTOpbie HMeJIHCb B KaX£OH 
H3 cpaBHHBaeMbix rpynn. flocTOBepHOCTb pa3JiH4HH b pe3yjibTaTax onbua b ue- 
jiom ycTaHOBjieHbi no t-KprrrepHio. 

PE3yjIbTATbl M OBCy^EHME 

BjiuHHue nyMHoeo MUKpo6a Ha MU3HedeRmejibH0cmb 6 aox 

B KanecTBe xapaKTepucTHK coctouhhu OKcnepnMeHTajibHbix rpynn 6 jiox 6bi- 
jih ncnojib30BaHbi ajinMeHTapHan aKTHBHOCTb — noun nnBmnx (%) ot kojih- 
necTBa xHBbix 6 jiox npn aaHHOH no^KopMKe, n CMepTHOCTb — aojin 6 jiox, no- 
rnSniHX Mex^y noaKopMKaMH (%), ot o6mero KOJiuuecTBa nepBOHanajibHO B3H- 
TblX B OnbIT. 

B BeceHHHX onbiTax npn 3apaxeHnn 6 jiox uiTaMMOM uyMHoro MHKpo6a H-3327 
Hannjincb Ha 6noMeM6paHe TOJibKO 24 caivma. IlooTOMy BJiHHHue Y pestis Ha aK- 
THBHOCTb KpoBococaHHH h ojiHMHHauHio 6 jiox oueHHBajm no CaMKaM. flOJIH nHB- 
liiHx caMOK KOJie6ajiacb no noziKopMKaM: b rpynne, HHc^nunpoBaHHOH uiTaMMOM 
H-3327, ot 55 no 98.3 % (3aecb w ziajiee b CKo6Kax — cpe^Hee 83.0 %), a b rpyn¬ 
ne, 3apaxeHHon uiTaMMOM H-3428, ot 45.9 no 100 % (82.7 %). BapbnpyeT h ko- 
jiHMecTBo nornOinnx 6 jiox, yuHTbiBaeMbix nocjie Kax/ion nozucopMKH. TaK, H3 
MHCJia caMOK, 3apaxeHHbix uiTaMMOM H-3327, nornOajio ot 0 no 11.3 m ot 0 
no 22.4 % cpezin 3apaxeHHbix H-3428 (b o6ohx cjiyuaax 4.8 %). 

B jieTHen cepnn onbiTOB OTHOCHTejibHoe kojimmcctbo HanuBiunxca 3a onny 
noziKopMKy caMOK BapbupoBajio b HecKOJibKO MeHbmnx npe^ejiax, ueM Bec- 
hoh, — 63.9—96.6 % (79.8 %); b rpynne, HHcjinunpoBaHHOH uiTaMMOM H-3327, 
h 61.9—100 % (80.1 %) — npn 3apaxeHHH H-3428. Y caMuoB HaOjiKxaajm coot- 
BeTCTBeHHo 81.1—100 % (91.6 %) h 78.6—100 % (90.2 %) nHBuiHX oco6en 3a 
noziKopMKy. Ilocjie Kax^on noziKopMKH oTMeuajm rnOejib 0.5—9.6 % (2.0 %) ca¬ 
MOK, HH(J)HUHpoBaHHbix uiTaMMOM H-3327, h 0—5.6 % (2.5 %), 3apaxeHHbix 
H-3428. CaMuoB norn6ajio 1.4—9.7 % (4.7 %) h 0.5—9.6 % (4.9 %) cootbct- 
CTBeHHO. nojiyueHHbie ziaHHbie o6o6meHbi b Ta6ji. 1. 

Bjihuhhu ocoOeHHocTen urraMMOB B036y£HTejm uyMbi Ha CMepTHOCTb w aK- 
THBHocTb KpoBococaHuu caMOK 6jiox b BeceHHHH nepnozi (Ta6ji. 2) u o6ohx no- 

Ta6jiHua 1 

AKTHBHOCTb KpoBOcocaHHH h CMepTHOCTb Citellophilus tesquorum altaicus 
b 3KcnepHMeHTajibHbix ycjioBHax 

Table 1. Blood meal activity and mortality of Citellophilus tesquorum altaicus 
in experimental conditions 


BpeMfl npoBe- 
aeHHH onbua 

UlTaMM MyM- 
Horo MHKpo6a 

CaMKH 

KoaHHecTBO 6 jiox b onbue 

Cpezmee kojimhcctbo 6aox (%) 

Hanajio 

KOHeU, 

4hcjto 

nOUKOpMOK 

nHBLUHX 

npw ohhoh 

noaKopMKe 

norn6mnx 
Mexay noa- 
KOpMKaMH 

MapT—Man 

3327 

169 

29 

15 

83.0 

4.8 


3428 

181 

26 

16 

82.7 

4.8 

Man—niojib 

3327 

169 

68 

19 

79.8 

2.0 


3428 

179 

37 

18 

80.1 

2.5 
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T a 6 ji m u a 1 ( npodoAotceuue ) 


BpeMH npoBe- 
aeHHH onbua 

LLlTaMM nyM- 
Horo MHKpo6a 

CaMUbi 

KojiHMecTBO 6jiox b onbiTe 

Thcjio 

noaKopMOK 

Cpe/mee kojihhcctbo 6jiox (%) 

HaMajio 

KOHeu 

nHBIIIHX 

npn o/ihoh 
noaKopMKe 

norH6uiHX 
Mexay noa- 

KOpMKBMH 

MapT—Man 

3327 

24 

12 

11 

91.0 

4.5 


3428 

144 

1 

11 

89.4 

oo 

\o 



72 

18 

6 

94.6 

12.5 



3a 2 onbua 


91.3 

10.2 

Man— mo Jib 

3327 

236 

18 

19 

91.6 

4.7 


3428 

219 

11 

18 

90.2 

4.9 


Ta6;iHua 2 

/I.HcnepcHOHHbiM aHajiH3 noKa3aTejien )KH3Hecnoco6HOCTH caMOK Citellophilus tesquorum altaicus 

B BeceHHHM Ce30H 


Table 2. Analysis of variance for vital power characteristics 
of Citellophilus tesquorum altaicus females in the spring season 


FIoKa3aTejiH 

Hctohhhk 

H3MCHHHBOCTH 

df 

MS 

F 

Aojih nHBIIIHX 6jiox (%) 

UiTaMM 

1 

2.09 

0.01 


OiynaHHaH 

29 

192.28 


Aojih nornbrnux 6jiox (%) 

UiTaMM 

1 

1.25 

0.07 


CjiyMaHHaa 

29 

17.92 



npuMenaHHe. 3aecb h aajiee b Ta6;iHuax: df — hhcjio CTeneHeft cBoSoabi, MS — cpeaHHe KBaapaTbi otkjio- 
HeHHH, F — oTHomeHHe cpeaHHx KBa/ipaTOB (KpHTepnH F). 


Tabjinua 3 

/fncnepcHOHHbiM aHajiH3 noKa3aiejieM )KH3Hecnoco6HOCTH Citellophilus tesquorum altaicus 

B JieTHHM Ce30H 


Table 3. Analysis of variance for vital power characteristics 
of Citellophilus tesquorum altaicus females in the summer season 


noKa3aTejiH 

Hctohhhk 

H3MCHHHBOCTH 

df 

MS 

F 

A 0 JIfl nHBIIIHX 6jiox (%) 

UiTaMM 

i 

3.22 

0.04 


rioji 

1 

2021.95 

27.75*** 


B3aHMO/teMCTBHe 

1 

11.04 

0.15 


OiyHaMHaa 

64 

72.85 


Aojih noraGuinx 6jiox (%) 

UiTaMM 

1 

5.94 

1.26 


FIoji 

1 

80.31 

17.15*** 


B3anMorteMCTBHe 

1 

0.51 

0.11 


CjiynaMHaH 

64 

4.68 



npHMenaHHe. 3aecb h b Ta6ji. 5, 6: * — P < 0.05, ** — P < 0.01, *** — P < 0.001. 


142 





jiob neTOM (Ta6ji. 3) He BbiHBJieHO. Pa3JinHHH b 3thx noKa3aiejiHx onpe/iejiflioTCfl 
nojiOBOH npHHa^jiexcHOCTbio HaceKOMbix. 

no^yneHHbie pe3y;ibTaTbi noKa3biBaiOT, hto aKTHBHOCTb KpoBOCocaHnn caM- 
u,o b C. tesquorum aocTOBepHO Bbirne, neM y caMOK. PaHee EpioxaHOBon (1973) 
OTMeneHO, hto y Neopsylla setosa n C. tesquorum nacTOTa nnTaHnn caMiiOB Bbirne, 
neM caMOK. B to xe BpeMH y p*ma /ipyrax bh^ob aKTHBHOCTb nnTaHHH caMiiOB n 
caMOK cymecTBeHHO He pa3JMHa;iacb (BpioxaHOBa, CypKOBa, 1970; KyHHUKnn, 
1970; Cadiergues et al., 2001). 

YcicopeHHaH rn6e;ib caMuoB no cpaBHeHHio c caMKaMH b jia6opaTopHbix yc- 
jiobhhx Ha6;no,aajiacb y 6;iox Ctenophtalmus wladimiri (Kocmhhckhh h ,ap., 1970), 
Xenopsylla gerbilli (KyHHUKnn wjx p., 1971), C. tesquorum sungaris, Frontopsylla lu- 
culenta luculenta (UapaHHopoB, 1999) n ,ap. Ilo HToraM Ha6jno£eHHH b onarax 

HyMbI nOJIOBOH HH^eKC (OTHOLLieHUe KOJIHHeCTBa CaMUOB K KOJTHHeCTBy caMOK) 
b nonyjiHUHflx 6jiox Han6o;iee bwcok b nepno/ibi Bbin/io,aa HMaro, no Mepe CTa- 
peHHH oh CHnxaeTCH (AKHHuiHHa, XoBTbin, 1969; BepmnHHH, 1993). HaKon- 
jieHHbie ^aHHbie tobopht o tom, hto 6o;iee kopotkhh nepnoa xh3hh caMuoB xa- 
paKTepeH £jih 6jiox Bcex bhaob. 

flocTOBepHbix pa3JinHHM CMepTHOCTn y 6;iox, 3apaxeHHbix pa3JinHHbiMH 
UITaMMaMH, He BblflBJieHO, H, OHeBH^HO, 3TO CBH3aHO C TeM, HTO LLITaMMbl H-3327 
n H-3428 6jih3kh no cbomm 6nojiornHecKHM CBOHCTBaM n no3TOMy b paBHon 
CTeneHH naToreHHbi jinn 6jiox. 

EjioKoo6pa3yjou4ax cnocodmcmb mmaMMoe nyMHoeo MUKpo6a H-3327 u H-3428 

B onbiTax, npoBe^eHHbix BecHon, nepByio caMKy, 6jioKnpoBaHHyio nyMHbiM 
mhkpo6om uiTaMMa H-3327, 3aperncTpnpoBajin nocjie 5-n noziKopMKH (17-e cyT 
ot 3apaxeHHH), eme no 1-n 6jiOKnpoBaHHon caMKe 6buio oTMeneHO nocjie 6-n 
(19-e cyT) n 14-n (55-e cyT) n no 2 — nocjie 7-n (24-e cyT) n 10-n (35-e cyT) 
noziKopMOK. CaMOK, 6;iOKHpoBaHHbix B036y^nTejieM nyMbi H-3428, perncTpnpo- 
Bajin HanMHan c 4-n no/iKopMKH (14-e cyT — 2 oco6n). nocjie 5-n no/iKopMKH 
BbiHBMjin 3 6jioKnpoBaHHbix caMOK, h ,aa;iee b onbiTe c 3thm niTaMMOM 1—2 caM- 
kh c 6jiokom npeaxejiyaKa Ha6;iKxaajiHCb nocjie 6-n (21-e cyT), 8-n (28-e cyT), 
9-n (31-e cyT), 10-n (35-e cyT) n 14-n (56-e cyT) no^KopMOK. BjioKnpoBaHHbix 
caMiiOB He o6Hapyxnjin. 

JleTOM nepBbin 6 jiok npe^xejiy/iKa c^opMHpoBajicn y caMKn b onbiTe co nrraM- 
mom H-3327 nocjie 3-n no^KopMKH (9-e cyT). nocjie 4-n noaKopMKH (13-e cyT) 
OTMeneHbi cpa3y 3 caMKn, 6;iOKHpoBaHHbie Y pestis H-3428. nocjie 6-n no^KopM- 
Kn (20-e cyT) OTMerajin nepBbix 6;ioKHpoBaHHbix caMuoB: cpe^n HH^nunpo- 
BaHHbix B036y^nTejieM nyMbi H-3327 — 2 oco6n, H-3428 — 5 oco6en. Ejiokh- 
poBaHHbie caMKn, 3apaxeHHbie B036y^nTejieM uiTaMMa H-3428, BCTpenajincb 
peryjmpHO nocjie Kaxaon noAKopMKH. E^nHOBpeMeHHO perncTpnpyeMoe nx ko- 
jinnecTBO ^ocTnrajio 8 oco6en (20-e, 35-e n 43-n cyTKn). CaMKn, 6jiOKnpoBaH- 
Hbie H-3327, o6HapyxnBajincb pexe n b MeHbineM KOJinnecTBe — MaKcnMyM 
6 oco6en (58-e cyT). CpoKn 6;iOKoo6pa30BaHHfl y caMiiOB 6bmn MeHee pacTHHy- 
Tbi, neM y caMOK. Han6o;ibmee KOJinnecTBO 6jioKnpoBaHHbix caMiiOB OTMena- 
Jiocb Ha 20—30-e cyT ot 3apaxeHnn — 2—5 6;iox, ^ajiee ohh o6HapyxnBajincb 
e^HHHHHO. 

Pe3y^bTaTbi onbiTOB (Ta6;i. 4) CBH^eTejibCTByioT, hto b jieTHnn nepno^ y 6;iox 
nponcxo^nT aKTHBH3aunfl npouecca 6^0K006pa30BaHnn: B03pacTaeT KOJinnecT- 
bo 6;iOKHpoBaHHbix oco6en o6oero no;ia, coKpamaiOTCH cpoKn (jDopMnpoBaHHH 
6;iOKa npe^xejiy/iKa. Y caMOK onpe^ejiniOTCfl 3HannMbie pa3JinHHH b nncjie 6;io- 
KnpoBaHHbix 6jiox no ce30HaM (Ta6ji. 5). 


143 



Ta6jiMua 4 

Bji0K006pa30BaHHe y Citellophilus tesquorum altaicus 
Table 4. Block formation in Citellophilus tesquorum altaicus 


BpeMH npoBeae- 
hhh noaKopMOK 

IllTaMM 

nyMHoro 

MHKpoba 

CaMKH 

CaMUbi 

KoanMecTBo baoKnpo- 
BaHHbix 6aox b onbiTe 

CpeaHee 
KOaHMeCTBO 
baoKHpo- 
BaHHbix baox 

3a noa- 
KOpMKy, % 

KoanMecTBo baoKHpo- 
BaHHbix baox b onbiTe 

CpeaHee 
KOaHHeCTBO 
baoKHpo- 
BaHHbix baox 

Ha noa- 
KopMKy, % 

a6c. MHcao 

% 

abc. Macao 

% 

MapT—Man 

3327 

7 

4.1 

0.7 

0 

0 

0 


3428 

11 

6.1 

© 

bo 

0 

0 

0 

Man—moab 

3327 

26 

15.4 

1.9 

8 

3.4 

0.4 


3428 

56 

31.3 

4.6 

13 

5.9 

0.9 


y caMuoB, HH(J)HUHpoBaHHbix uiTaMMOM H-3428, ce30HHoe yBejiHMeHHe nac- 
toth 6ji0K006pa30BaHHH HeMHoro He ^ocTHraeT jx ocTOBepHoro ypoBHH (F = 4.00 
npn P = 0.056). 

CBoeo6pa3He £HHaMHKH 6ji0K006pa30BaHHfl nccjie/iyeMbiMH imaMMaMH one- 
bh^ho. Bo-nepBbix, (JiopMHpoBaHHe nyMHbiM mhkpo6om H-3428 6jiOKa npejtxce- 
Jiy^Ka y caMOK £OCTOBepHO Bbime, neM uiTaMMOM H-3327. Bo-BTopbix, ot BecHbi 
k jieTy KOJiHHecTBO 6jiOKHpoBaHHbix 6jiox B03pacTaeT 3HaHHTejibH0 6bicipee cpe- 
JX h HH^HunpoBaHHbix uiTaMMOM H-3428, hqu cpejtn 3apaxceHHbix H-3327, 
o neM CBH^eTejibCTByeT CTaTHCTHnecKH 3HanHMoe B3aHMO/teiiCTBHe (JiaKTopoB ce- 
30Ha H HITaMMa. 

Pe3yjibTaTbi conocTaBJieHHfl Bbi6opoK caMuoB h caMOK 6 jtox, 3apaxceHHbix 
JieTOM, CBH^eTeJIbCTByK)T O AOCTOBepHbIX pa3JIHHHHX 6jT0K006pa30BaHHfl, o6y- 
cjioBJieHHbix KaK CBOHCTBaMH liiTaMMOB, TaK h nojiOBbiMH oco6eHHOCTHMH nepe- 
HOCHHKOB (Ta6jl. 6). 

Ce30HHbie pa3JiHHHfl nacTOTbi B03HHKH0BeHH« 6jiOKa npejtxcejiyuKa y C. tes¬ 
quorum altaicus b HameM 3KcnepHMeHTe comacyiOTCH c hmcioiuhmhch jtaHHbiMH. 
Aojih 6jroKHpoBaHHbix 6 jtox 3Toro BH^a b TyBHHCKOM onare nyMbi yBejiHHHBaeT- 
ch ot BecHbi k jieiy, ee noBbimeHHe no BpeMeHH coBnajtaeT c nepHOjiOM aKTHBH- 
3aunn 3nn300THHecKoro npouecca (Ba3aHOBa n jx p., 1991). PlpH 3 tom yBejiMHe- 
Hne KOJinnecTBa 6jTOKnpoBaHHbix oco6en cpe/tn caMuoB nponcxojiHT 6ojiee pe3- 
ko, onepexcan k aBryciy KOJinqecTBo caMOK c 6 jiokom npejtxcejiyjiKa 6ojiee neM 
b 2 pa3a (Ba3aHOBa, Xa6apoB, 2000). no-BH£HMOMy, ce30HHaq aKTHBHOCTb 6 jio- 
KOo6pa30BaHHH y pa3Hbix bmaob 6jiox HMeeT cbom oco6eHHOCTn: y 6 jiox necna- 

Ta6jinua 5 

/fncnepcMOHHbiH aHaan3 (J)opMMpoBaHMH 6aoKa npexoKeayaKa 
y caMOK Citellophilus tesquorum altaicus b 3aBHCHM0CTH ot ce30Ha m uiTaMMa nyMHoro MHKpo6a 

Table 5. Analysis of variance for the ventriculus block formation 
in Citellophilus tesquorum altaicus females depending on a season and plague microbe strain 


n Hctohhhk 

noKa3aTeab 

H3MeHHHBOCTH 

df 

MS 

F 

Tfoan 6aoKnpoBaHHbix 6aox (%) IllTaMM 

1 

25.35 

6.11* 

Ce30H 

1 

44.03 

10.61** 

B3aMMoaencTBMe 

1 

25.87 

6.23* 

CaynaMHan 

56 

4.15 
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Ta6jiHua 6 

/iHcnepcHOHHbiM aHa;iH3 (J)opMHpoBaHHfl 6jioKa npe/t^ejiy/uca y Citellophilus tesquorum altaicus 
B 3aBHCHMOCTH OT nOJia 6jlOX H LLITaMMa MyMHOrO MHKpoSa 

Table 6. Analysis of variance for the ventriculus block formation 
in Citellophilus tesquorum altaicus 

females depending on flea sex and plague microbe strain in summer 


n HcTOMHMK 

noKa3aie;ib 

H3MeHHHBOCTH 

df 

MS 

F 

/lOJIfl SjlOKHpOBaHHblX 6jIOX (%) LUTaMM 

1 

43.71 

7.6** 

Ce30H 

1 

87.34 

15.20*** 

BaanMo.aeHCTBHe 

1 

15.22 

2.64 

OiyHaHHaa 

68 

5.74 



hok Xenopsylla conformis w Nosopsyllus laeviceps OTMeneHO cymecTBeHHoe yBe- 
JiMTemie qacTOTbi (J)opMHpoBaHMH 6jiOKa npexoKejiy^Ka ot oceHH k BecHe (Mok- 
pneBHH h jx p., 1983). 

UlTaMMbi nyMHoro MHKpo6a, Mcnojib30BaHHbie ajih 3apaxeHHH 6;iox b okc- 
nepMMeHTe, pa3JiHHaiOTC5i no cbohm nnTaTejibHbiM noTpe6HocTHM — Ha CarjiHH- 
ckom ynacTKe onaroBOCTH unpKyjinpyeT B036y£MTe;ib, Hy^KaaioiUMHCH b mctho- 
HMHe, a Ha KaprnHCKOM — 3aBMCHmnn ot MeTMOHHHa w uncTewHa (JIoraneB, 
1999), o^HaKo nocjieaHHH niTaMM 3HanHTejibH0 aKTHBHee co3£aBaji Henpoxozni- 
MOCTb npeaxejiyziKa. Flo pe3yjibTaTaM nccjieaoBaHHH npnpo^Hbix uiTaMMOB, ayK- 
COTpO(f)HbIX no apyrHM aMUHOKHCJlOTaM, He BblflBJieHO HCTKOH 3aBHCHMOCTM 
cnocoGHOCTH B036yaHTejifl nyMbi k arperaunn ot ero noTpe6 HOCTH b aMHHOKHC- 
JiOTax. TaK, b onbuax Po3aHOBon c coaBT. (1982) Ha6jnoaajracb 3HaHMTejibHafl 
Bapna6ejibH0CTb nacTOTbi 6ji0K006pa30BaHMH KaK cpean npojiMH-3aBMCMMbix, 
TaK n cpe^H He HyxcaaiomnxcH b npojinHe uiTaMMOB. TpMnToc})aH3aBMCHMbie 
uiTaMMbi M3 TopHo-AjiTaHCKoro onara nyMbi, KaK w TwnMHHbie, b o^HHaKOBon 
CTeneHH (j)opMHpoBajiH 6 jiok npeaxcejiy^Ka y Xenopsylla cheopis (Ea3aHOBa w jx p., 
20006). Il03T0My COMHHTejlbHO, HTO CnOCOSHOCTb HCCJieflOBaHHblX LUTaMMOB 
nyMHoro MHKpo6a k 6jroKOo6pa30BaHMio 3aBncHT hmchho ot hx noTpe6HOCTen 
B aMHHOKHCJlOTaX. 

CpaBHeHne ztaHHbix no cnoco6HOCTH Bbi3biBaTb HenpoxozniMOCTb npeztxce- 
JiyaKa 3aKaBKa3CKHMH «no;ieBOHbHMH» n rannHHbiMH liiTaMMaMH noKa3a.no, hto 
KOJinnecTBO S^OKwpoBaHHbix X cheopis b nepBOM cjiynae 3HaHHTe;ibHO MeHbiue 
(Ma^acJ)eeBa, 1966). KaK H3BecTHO, OTjiHHHTejibHon oco6eHHOCTbio 3thx nrraM- 
mob ABjiaeTCfl OTcyTCTBne njia3Mnabi necTnunHoreHHOCTH (TpaMOTHHa, 1975). 
B to xce BpeMfl ycTaHOBjieHo (Hinnebusch et al., 1998), hto yTpaTa 3 toh n;ia3MH- 
£bi He CKa3biBaeTCH Ha cnoco6HOCTn B036y£HTejiH nyMbi o6pa30BbiBaTb 6 jiok 
npeztxce^yztKa, 3aTO uiTaMMbi, aecj)eKTHbie no njra3Mnae pFra, 6bum npaKTunec- 
km He cnocoSHbi k 6;iOKOo6pa30BaHHio: nacTOTa OjiOKupoBaHHH X. cheopis TaKHM 
uiTaMMOM cocTaBjinjia Bcero 0.3 %. Oco6bin MHTepec npeacTaBjineT to, hto cpe- 
m ncno;ib3yeMbix b onbiTe uiTaMMOB 2 6buin paBHoueHHbi no njia3MmtHOMy co- 
CTaBy, HO npOHCXOZtHJIH H3 pa3JlHHHbIX H30JIHT0B, H nO HaCTOTe 6jl0K006pa30Ba- 

hmh npn 25° o^hh hbho npeBocxoxnui apyron (10, 6, 10 npoTHB 2, 4, 3 %). 
UiTaMMbi, Hcnojib30BaHHbie HaMH, He pa3jinna;iHCb no ochobhmm 6no;ioniHec- 
KMM CBOHCTBaM (KpOMe nOTpeSHOCTH B aMHHOKHCJIOTax), OHH 6bIJIH BblZte^eHbl 
M3 oztHoro onara, ho Ha pa3Hbix ynacTKax w He oztHOBpeMeHHO. Pe3y;ibTaTbi 
onbiTOB CBMZteTejibCTByioT, hto niTaMM nyMHoro MHKpoSa M-3428 HaMHoro aK- 
TMBHee o6pa3yeT 6 jiok npeztxce^y^Ka, neM H-3327. 
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TpancMuccm lumaMMoe nyMHoeo MUtcpoSa M-3327 
u M-3428 3KcnepuMeHmaAbHbiM o^cueontHbiM 

BecHOH npn rpynnoBbix no^KopMKax caMOK nepe^ana B036yziHTejiH nyMbi 
M-3327 ocymecTBJieHa 7 6ejibiM MbirnaM, a nepe^ana imaMMa M-3428 — 9 Mbi- 
uiaM; npn no^KopMKax caMuoB He 6bi/io nepe^an b nepBOM onbue, a bo btopom 
6biJiH 3apaxceHbi 4 MbiniH. JleTOM npn rpynnoBbix no^KopMKax caMKH, hhcJ)huh- 
poBaHHbie niTaMMaMH M-3327 h M-3428, nepe^ajiw B036yziHTejni nyMbi 13 h 
9 6ejibiM MbirnaM cooTBeTCTBeHHO. riocne no^KopMOK caMuoB nepe^ana B036y- 
^HTejiH o6ohx imaMMOB OTMeneHa b 8 c/iynanx. 

B BeceHHeH cepnn onbiTOB nacTOTa nepezianH B036yziHTeji5i nyMbi jinn lirraM- 
Ma M-3327 cociaBHjia 26.9 %, zuih imaMMa M-3428 — 39.4 % (t = 1.03, P > 
> 0.05). B Mae—Hiojie HHOKyjinuHfl imaMMa M-3327 OTMeneHa b 55.3 % cjiynaeB, 
imaMMa M-3428 — b 47.2 % (t = 0.69, P > 0.05). TaKHM o6pa30M, pa3JiHHHH 
b nepe^ane 2 imaMMOB nyMHoro MHKpo6a He BbiHBJieHO. 

C Mapia no Mail caMKH 6 jiox ocymecTBHJin nepe^any o6onx imaMMOB B036y- 
^HTejiH 51.6 % Mbiuieil, c cepeanHbi Man no niojib — 59.5 %. Y caMuoB b 3 th xce 
cpoKn 3aperncTpnpoBaHO 14.3 n 43.2 % nepexian cooTBeTCTBeHHO. 3(jxj)eKTHB- 
HOCTb nepe^an npn rpynnoBbix no^KopMKax caMOK ot BecHbi k jieiy He H3MeHH- 
eTCH (t = 0.65, P > 0.05), caMUbi xce jictom nepe^aiOT B036yziHTejiH ropa3^o na¬ 
me, neM BecHoil (t = 2.76, P < 0.01). BecHoii caMKH 6;iox 3apa3HJiH nyMoil 3Ha- 
MHTejibHO 6ojibine MbiineH, neM caMUbi (t = 3.02, P < 0.01). B jieTHHH nepHO# 
nepe^ana B036yaHTejm b paBHoil Mepe ocymecTBJinjiacb KaK caMKaMH, TaK h 
caMuaMH (t = 1.40, P > 0.05). TaKMM o6pa30M, zuih nepe^anM B036yaHTejm npn 
rpynnoBbix no^KopMKax 6 jiox HMeeT 3HaneHne KaK ce30H npoBezieHHH OKcnepn- 
Mema, TaK h non HaceKOMbix. 

BecHoii npoBe^eHO no 4 no^KopMKH caMOK 6jiox, 6jiOKnpoBaHHbix nyMHbiM 
mhkpo6om Toro h .apyroro imaMMa. Flpn otom OTMeneHa nepe^ana imaMMa 
M-3327 o^hoh, a nrraMMa M-3428 — 3 6e/ibiM MbirnaM. Pa3;iHHH5i b nacTOTe ne- 
pezian nyMHoro MHKpoOa 2 imaMMOB HeaocTOBepHbi, t = 1.63 (P > 0.05). JleTOM 
OjiOKHpoBaHHbie caMKH npn noaKopMKax nepe^ajin B036yaHTejin nyMbi M-3327 
neTbipeM xchbothmm H3 8, M-3428 — 6 MbirnaM H3 11 (t = 0.20, P > 0.05). no pe- 
3yjibTaiaM npoBe^eHHbix onbiTOB, ce30HHbix pa3JinnHH b aKTHBHOcra nepe^an nyM- 
Horo MHKpoOa caMKaMH He yciaHOBJieHO, t = 0.12 (P > 0.05). B jicthhh nepno^ 
npn HH.aHBH.ayajibHbix no^KopMKax caMOK c 6jiokom npe^xcejiy^Ka 3aperHCTpn- 
poBaHa nepe^ana o6ohx imaMMOB 10 3BepbKaM H3 19, npn no^KopMKax caM- 
UOB — 8 H3 11. 3(J)4)eKTHBHOCTb TpaHCMHCCHH B036yZIHTejIfl 6jIOKHpOBaHHbIMH 
6;ioxaMH pa3Horo nojia TaKxce ^ocTOBepHO He pa3JiHna;iacb (t = 1.08, P > 0.05). 

npn H3yneHHH 3apaxcaiomeH cnocoOHOCTH C. tesquorum altaicus b TyBHH- 
ckom npnpo^HOM onare OTMeneHO, mo 3(J)(J)eKTHBHOCTb nepe^ann B036yaHTejin 
nyMbi OjioxaMH B03paciaeT ot BecHbi k JieTy, ^ocTHran MaKCHMyMa b aBrycTe 
(Ba3aHOBa h jxp., 1999). B othx onbiTax aBTopbi He pa3^ejinjiH 6jiox no nojiOBOH 
npHHa^jiexcHOCTH. Pe3yjibTaTbi Harnero 3KcnepnMeHTa no3BOJiHK)T npe^nojio- 
xcmb, mo ce30HHbiH no,m>eM 3apaxcaiomeH cnocoSHOCTH 6jiox o6ycjiOBjieH co- 
OTBeTCTByiomeH aKTHBH3auneH ee y caMuoB, nocKOJibKy 3(jxj)eKTHBHOCTb nepe- 
jxan h B036yziHTejifl caMKaMH 3a otot nepno/i He H3MeHneTCH. 


3AKJ1J04EHHE 

KjlIOneBbIM MOMeHTOM BO B3aHMO£eHCTBHH 6jIOX-nepeHOCMHKOB C B036y^H- 
TejieM nyMbi nBJineTcn 6ji0K006pa30BaHHe. y umaMMa M-3428, unpKyjinpyiomero 
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Ha KaprnHCKOM ynacTKe onara, cnoco 6 HOCTb (J)opMHpoBaTb 6 jiok npejtxejiyjtKa 
y C. tesquorum altaicus , nponcxojiflmHx c toh xce TeppHTopnn, 6 buia 3 Ha 4 HTejib- 
ho Bbirne, hcu y imaMMa M-3327 H3 CarjiHHCKoro yqacTKa. 3 to moxcct CBHjte- 
TejibCTBOBaTb 06 a^amauMH qyMHoro MHKpo 6 a k opraHH3My nepeHoennKa Ha no- 
nyjiHUHOHHOM ypoBHe. B to xce BpeMH scj^eKTHBHOCTb nepe^aHH o 6 ohx liiTaM- 
mob 4 epe 3 yxycbi 6 jiox aocTOBepHO He pa 3 JinqaeTCH. JIothhho npejtnojioxoiTb, hto 
nepeaana HH^eKunn 3aBHCHT He CTOJibKO ot enoeo 6 HOCTH imaMMOB k 6 jiokoo 6 - 
pa30BaHHK), CKOJlbKO OT nonyjIHUHOHHblX OCOGeHHOCTeH 6 JIOX. Pa3JlH4HH B Hac- 
TOTe nepeaan B036yjtHTeji5i qyMbi o 6 ycjiOBjieHbi nojiOM 6 jiox. nojiOBan npHHajt- 
jie>KH 0 CTb HaceKOMbix ^Bji^eTCM BecoMbiM (f)aKTopoM, onpeaejifliomHM CBoeo 6 - 
pa3He B3aHMOOTHOUieHHH 6 JIOX C HyMHbIM MHKpo 60 M. BeCHOH Cpe^H eaMUOB 
oco 6 eH c 6 jiokom npe^xcejiy^Ka He 3aperMCTpnpoBaHO. HecMOTpa Ha oto, nepe- 
mmi caMuaMH B036yaHTejm qyMbi Bee xce hmcjih MecTO. Ot BecHbi k jreTy nacTO- 
Ta nepeaan npM rpynnoBbix noAKopMKax eaMUOB 6 jtox 3Ha4HTe;ibHO noBbimajiacb. 
flojiH 6 jiOKMpoBaHHbix caMOK b tot >Ke nepMOA AOCTOBepHO yBejiHHHBajiacb, a 
HacTOTa nepe^aHM mmm B 036 yanTe;m npn 3 tom He B03pacTajia. B HarnHx onbiTax 
npn HH^HBH^yajibHbix no^KopMKax nepeaaqy B036yjiHTejifl SjioKnpoBaHHbie caM- 
kh h caMUbi b nepBOH nojioBHHe jieTa ocymecTBJuuiH c paBHOH hbctotoh. OTcyT- 
CTBHe 6 jlOKHpOBaHHbIX CaMIJOB B BeceHHeH eepHH OnbITOB He n03B0JTHJ10 OUeHHTb 
ce30HHbie oco 6 eHHocTH TpaHCMHCCHH hmh B036y^HTejiH, ho npn rpynnoBbix 
no^KopMKax o 6 HapyxceHbi pa3JiH4HH Me>Kjiy caMuaMH w caMKaMH b 3(|)(|)eKTHB- 
hocth nepeaaHH 6 aKTepHH no ce30HaM. IIo-BHjiHMOMy, ce30HHbie pa3JiH4HH 
b aKTHBHOCTH 6jiOKoo6pa30BaHHH h 3apa>KaiomeH cnoco 6 HocTH 6 jiox C. tesquo¬ 
rum altaicus OTpaxaioT b 3HaqnTejibHon CTeneHH (J)H3HOJiorH4ecKHe oco 6 eHHO- 
cth 6 jiox b KOHKpeTHbin nepno/i rojta. 3 to nojtTBepxctaeTCH npoBeaeHHbiM 3 kc- 
nepHMeHTOM, b kotopom Hcnojib30BaHbi HecneuH(J)H4ecKHe npoKopMHTejiH — 
6 eJIbie MbllllH, HH(|)eKUHOHHaH HyBCTBHTeJIbHOCTb K nyMe KOTOpbIX, B OTJIHHHe OT 

juihhhoxboctoto cycjiHKa, He H3MeHHeTCH no ce30HaM, a bjihhhhc a6HOTHne- 
ckhx (|)aKTopoB (rjiaBHbiM o6pa30M TeMnepaTypbi B03jtyxa) 6buio CBejteHo no mh- 
HHMyMa. CjieaoBaTejibHo, scJ^eKTHBHOCTb nepe^anH onpejtejineTCfl (J)h3hojioth- 
neCKHM COCTOHHHeM H nOJIOBbIMH 0C06eHH0CTHMH 6 jioxh. 
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SOME PECULIARITIES OF REGLATIONSHIPS 
OF THE FLEA CITELLOPHILUS TESQUORUM ALTAICUS (SIPHONAPTERA: 

CERATOPHYLLIDAE) WITH THE PLAGUE AGENT 

L. P. Bazanova, G. A. Voronova, E. G. Tokmakova, V. V. Sin’kov 

Key words : Citellophilus tesquorum altaicus, Yersinia pest is, alimentary activity, mortality, 
block formation, transmission, sexual differences, seasonal peculiarities. 

SUMMARY 

Some aspects of relationships of the flea Citellophilus tesquorum altaicus and bacterium 
Yersinia pestis of two strains isolated from different parts of the Tuva natural plague focus 
were studied. Peculiarities of elimination and blood meal activity of fleas infected with two 
strains of the plague agent were not revealed. Differences in mortality and alimentary acti¬ 
vity are considerably determined by the sex of insects. The ability of examined strains to 
form a proventriculus block was not identical in the strains examined. This ability was ex¬ 
pressed higher in the strain 1-3428, which originated from the same part of the natural fo¬ 
cus as the insectarium flea culture, than in the strain 1-3327. During the spring and first 
half of summer, the proventriculus block appeared more frequently in females. The increa¬ 
sing of the fraction of blocked individuals was observed in both sexes from spring to sum¬ 
mer. As for the ability to transmit the plague agent, similar seasonal increasing was noted 
in males, but in females, the ability to inoculate the plague microbe was always maintained 
at the same level. 
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